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Sunday, February 3, 2012 181aoptimal in the functional immobilization of proteins through the study of malt-
ose binding protein (MBP) immobilized in a calmodulin (CaM) hydrogel.
Maltose binding protein undergoes a ~35 rigid body domain reorientation
upon binding of sugar that can be detected by solution NMR. We hypothesize
that through the study of the interactions of MBP with the CaM hydrogel
(through a range of pHs) we can form some general principles regarding ma-
terial:protein interfaces that will be applicable in the functional immobilization
of broad classes of proteins. In this study we tagged MBP with a peptide target
of calmodulin which immobilized MBP to a micro-sized spherical hydrogel
composed of Cys-mutated CaM cross-linked to poly(ethylene glycol) diacry-
late (PEGDA). Immobilization of MBP was confirmed by fluorescence and
NuPAGE protein gels, and gel optimization for maximum immobilization is
underway. Various NMR experiments have been and will be done in order
to confirm function and to analyze the interactions between the immobilized
protein and the hydrogel.
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More than 20 human diseases are associated with amyloid fibril formation, one
of which is Huntington’s Disease (HD). HD, which poses a risk for ~200,000
Americans, is a neurodegenerative disease that degrades cognitive and motor
functions and is one of ten disorders to feature polyglutamine (polyQ) domain
expansion. The self-aggregation of expanded polyQ segments in the huntingtin
protein (htt) leads to fibril formation. Flanking regions of the polyQ domain af-
fect the kinetics of this aggregation. As protein aggregation appears to correlate
to disease onset, we aim to understand the structure of the mature fibrils, a crit-
ical step toward resolving structural changes along the fibril formation
pathway.
Fibrils of site-specific isotopically labeled peptides mimicking polyQ-
containing N-terminal fragments of the htt protein were studied by magic-
angle-spinning (MAS) solid-state NMR (ssNMR).We probed the conformation
of both the polyQ amyloid core and its flanking regions by multidimensional
MAS ssNMR, finding an a-helical conformation for residues in the very N-ter-
minus (httNT), which is known to initiate the aggregation process. Structural
models of the aggregation pathway and fibril were assessed based on structural
data, relaxation times, and order parameters from MAS ssNMR measurements.
Fibrils featuring mutations in the linker region connecting the httNT helix to the
amyloid core were also investigated. Earlier animal studies have shown these
mutations to reduce toxicity, and EM shows significant changes in fibril mor-
phology. The site-specific effects of these and other mutations, on both the
httNT and the polyQ core, were explored through structural and dynamics mea-
surements. The characterization of the mutants, which mimic post-translational
Ser phosphorylation, suggests biophysical connections between the stability
and molecular structure of species along the aggregation pathway and the ob-
served changes in toxicity.
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Melanins are an important class of natural pigments associated with biological
functions that include protection from sunlight, camouflage, free radical scav-
enging, and microbial virulence. However, structural investigation of these
enigmatic pigments remains a challenging task because of their insolubility
and heterogeneous architecture. High-resolution solid-state NMR spectroscopy
offers a unique tool to probe melanin structure, and melanogenesis in Crypto-
coccus neoformans (CN) requiring exogenous obligatory catecholamine pre-
cursors such as L-dopa provides unparalleled opportunities to investigate
melanin assembly in fungal cells. 1D solid-state 13C NMR and EPR demon-
strated the structural differences among CN melanins produced by systematic
variation of catecholamine precursors and in cell-free media. Broad aromatic
resonances in both fungal and synthetic melanins indicated a heterogeneous
disordered aromatic domain in these pigments, whereas differences among
the aliphatics suggested incorporation of glucose-derived cellular materials inthe fungal materials. A mechanistic scheme was proposed based on the
Mason-Raper pathway, including potential intermediates for the biosynthesis
of indole-based melanin polymers and the consequent precursor preferences
observed in CN melanogenesis. 13C and 15N solid-state NMR, including 2D
through-space and through-bond correlation spectra of pigments produced
with exogenously 13C-and 15N-enriched L-dopa and/or [U-13C6]-glucose sup-
plied to the growth media, revealed the molecular framework formed by the
pigments and in CN melanization. Findings include: (1) the major aromatic
moieties are located spatially within 5-7 A˚ of the long-chain aliphatics; (2) glu-
cose scrambles metabolically to form oxygenated- and long-chain aliphatic
structures; (3) particular aromatic, oxygenated- and long-chain aliphatic moie-
ties are attached covalently to carboxyl groups of the pigment; (4) nitrogenous
components are found primarily in the aromatic domain of both synthetic and
fungal pigments. The structural framework of melanins deduced in this inves-
tigation can guide the design of new antivirulence drugs and therapeutics
against melanoma tumors.
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A Bombyx mori Silkworm larve keeps silk in silkglnad at high concentrated
(~20% w/w) aqueous solution state before spinning. Liquid silk is expected
to form some ordered structure since liquid silk transforms to b-sheet riched
silk fiber with high strength. in a moment under normal temperature and pres-
sure. In fact, observation of a-helix-like pattern in the CD spectra of liquid silk
at the concentrated state was reported. On the other hand, the 13C chemical shift
of liquid silk indicate random coil although liquid silk extracted from a different
kind of silkworm, S.c.ricini, which has polyalanine sequences (Ala)12 clearly
shows a-helix in the three carbons of Ala residues. In this study, atomic-
leveled conformation of Bombyx mori liquid silk was analyzed with several so-
lution NMR techniques. 1H, 13C and 15N chemical shifts of repeated motifs in
silk fibroin primary sequence, GAGAGS, GAGAGY, GAAS were obtained
from 1H-1H NOESY, TOCSY, 13C HSQC, 15N HSQC HCACO and HNCO.
The dihedral angles of these motifs were proposed with talosþ program which
predicts the dihedral angles from chemical shifts. The dihedral angles of GA-
GAGS and GAGAGY showed repeated type II b-turn structure although that of
GAAS showed random coil. The NOE signals between (i)Ha and (iþ2)HN also
support the type II b-turn structure for these two motifs. This is the first time
that the generation of Silk I structure in the native B.mori liquid silk was de-
tected and confirmed.
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Monoclonal antibodies (mAbs) contain regions of inherent flexibility. Recent
small angle X-ray scattering (SAXS) studies on members of the IgG1 subclass
have described the bulk motions that the Fab regions of mAbs can undergo in
solution studies. Depending on the subclass studied the flexibility can vary
greatly. The IgG2 subclass can contain four disulfide bonds within the region
aptly named for its flexibility, the hinge region. Of note, the IgG1 subclass con-
tains only two disulfide bonds within the hinge region and it is thought to be the
more flexible of the subclasses. Small angle neutron scattering (SANS) studies
reveal that bulk solutions of IgG2 have an average Radius of Gyration of 49 A˚,
a value that is slightly smaller than that published for the IgG1 subclass. Typ-
ically, small angle scattering data is fit with either geometric form factors or
with dummy atom ab initio envelopes. Here we test the effectiveness of form
factor fits on the non-conforming Y-shape of mAbs and compare those fits to
the more advanced atomistic models. In the end, atomistic structures and mo-
lecular dynamics derived models reveal that the average solution structures are
rather unrestricted in movement and are best represented by ensemble fits to the
data. The results of this study indicate that low-resolution techniques like
SANS, when aided by atomistic constraints, can help determine the types of in-
tramolecular surface interactions that are possible for a given antibody. These
findings will no doubt serve as a basis for describing the complexities of
182a Sunday, February 3, 2012intermolecular attractions and repulsions that antibodies undergo in highly con-
centrated solutions.
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The cell membrane plays an important role in amyloid toxicity in relation to
Alzheimer’s disease. The membrane’s composition and the inclusion of small
molecules, such as melatonin and cholesterol, may alter the membrane’s struc-
ture and physical properties, affecting its interaction with amyloid peptides.
Both melatonin and cholesterol have been linked to amyloid toxicity. Melato-
nin has been shown to have a protective role against amyloid toxicity, while the
underlying molecular mechanism of this protection is still not well understood.
Here we have studied the non-specific interaction of melatonin and cholesterol
with a model lipid membrane. We used small-angle neutron diffraction
(SAND) from oriented lipid multilayers and small-angle neutron scattering
(SANS) from unilamellar vesicles experiments to elucidate the structure of
DOPC and DPPC model membrane in order to determine the effects of mela-
tonin and cholesterol. From the present study we conclude that cholesterol and
melatonin affect the lipid membrane differentially. Specifically, the incorpora-
tion of melatonin results in membrane thinning, in stark contrast to the increase
in membrane thickness induced by cholesterol. This very different response of
membrane thickness to cholesterol and melatonin may help to understand their
relation to amyloid toxicity.
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Small-Angle Neutron Scattering (SANS) is well-suited to study structure and
function of protein in solution by exploiting the natural scattering contrast dif-
ference between proteins and other biomolecules such as lipids and nucleic
acids. The combination of high neutron flux and low experimental background
makes the Bio-SANS instrument at ORNL’s High Flux Isotope Reactor (HFIR)
an ideal tool to study proteins and other biomolecules within complex biolog-
ical assemblies and composites, in situ and in-vivo. The procedures used for
protein solution scattering at the Bio-SANS are presented here. The scattering
signal is collected by a newly-developed Linear Position-Sensitive Detector
(LPSD), which has a count rate capability of at least one million neutrons
per second. It enables the Bio-SANS to utilize the full potential of the intense
cold neutron source at HFIR. The detector-to-sample distance is adjustable
from ~1m to ~15.3m to provide q-range from 0.0009 1/A˚ to 0.7 1/A˚. The
data collected at different distances are corrected against dark current, pixel ef-
ficiency, sample transmission and geometry to produce 1D profiles to be
merged into a full scattering data set. A calibrated standard sample or direct
beam intensity is used to obtain the absolutely scaled intensity of protein scat-
tering. A few examples are presented here to demonstrate the procedure and the
capability. They include scattering from protein crowded by another protein,
membrane protein in a membrane-mimic environment, etc.
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The structural organization of chromosomal partition assembly, which partici-
pates in chromosome partition in many bacteria, is poorly characterized. The
partition protein ParB spreads on a large segment of DNA encompassing the
centromeric parS site(s) to form the partition assembly, which is a higher order
nucleoprotein complex of unknown nature. The partition assembly interacts
with a number of proteins with diverse biological roles such as ParA, SMC pro-
teins and origin tethering factors. We characterized the cross-sectional size pa-
rameters and internal organization of the partition assembly using solution
X-ray and neutron scattering with hydrogen/deuterium contrast variation.
Our data is consistent with a ‘‘DNA outside, protein inside’’ mode of partitionassembly organization, in which the DNA is wrapping the protein from outside.
In addition, we showed that mycobacterial ParA forms apparently ring-shaped
polymers in vitro by electron microscopy. Based on our data, a testable model
of interaction between the ParA polymer and the ParB-DNA partition assembly
is proposed.
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Nucleosomes are the fundamental structural units of chromatin. A mononucleo-
some is comprised of 147 base pairs of DNAwrapped around a heterooctameric
core of histone proteins that include H2A, H2B, H3, and H4, and other naturally
occurring functional variants. In the mid-1970s, the SANS technique was key
to the determination of the composition, structure, and conformation of the
DNAwithin this basic unit, fifteen years before the first x-ray diffraction results
were available. Small-angle scattering is a long-established technique that is
well-suited for the study of macromolecules in vitro, as they exist in solution.
Small-angle neutron scattering (SANS) is ideally suited to study nucleoprotein
complexes, since the neutron scattering strengths of the different macromole-
cules differ with respect to each other. By employing contrast variation tech-
niques, where the D2O:H2O ratio of the solutions is systematically varied,
the gross structure and distribution of the individual components of a composite
particle can be resolved in a model-independent fashion.
We will present work which revisits these decades-old canonical measurements
with a modern perspective. Experimental neutrons from beam line CG-3 at the
ORNL High-Flux Isotope Reactor (HFIR) were successfully utilized to study
reconstituted mononucleosomes by contrast variation. Our work marries this
method with analytical centrifugation and the atomistic modeling approaches
implemented in the program SASSIE. This approach allows us to directly rec-
oncile available atomic structures with their solution properties, resulting in
complete single and ensemble solution models. As a result of this work, we
will present new insights into the distribution of the protein and DNA compo-
nents of the mononucleosome in solution, including the properties of histone
tails in solution and DNA wrapping. The methods presented provide an exper-
imental framework for future examination of variant nucleosome and
nucleosome-derived higher order assemblies.
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Hsp104 is a hexameric AAAþ disaggregase found in yeast. Hsp104 has two
key roles in vivo; thermotolerance and the regulation of prions. After thermal
or chemical stress Hsp104 has the ability, in collaboration with co-chaperones
Hsp40 and Hsp70, to remodel cytosolic aggregates and return proteins to their
soluble, native form. Its role in prion regulation is two- fold. In yeast, prions
function as non-genetic heritable traits. Hsp104 is required for prion propaga-
tion from mother to daughter through nucleation and fiber fragmentation, but
cures some prion phenotypes when overexpressed.
Hsp104 is a large, multidomain protein. Each monomer contains two AAAþ
domains resulting in an oligomeric species containing 12 sites of ATP hydro-
lysis. To date, there are no high resolution structures of either monomeric or
hexameric Hsp104, and little is known about how the protein changes in shape
during the ATPase cycle and how it uses these changes to exert remodeling
forces on a variety of substrates.
Here I present ongoing work that uses an in solution technique, SAXS, to study
the conformational changes of the Hsp104 hexamer during the ATPase cycle.
SAXS studies are well suited to the Hsp104 system due to the large size of the
particle, the large available yield after purification, the monodispersity of the
hexamer and the large changes that take place in the presence of different
nucleotides.
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